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ABSTRACT 

The poryimide synthesized from benzophenonetetracarboxyflc dianhydrlde end alkyf-substrtuted 
diamines Is Inherently photosensitive at *36S nm, and a solvent soluble, negjrtrve-acting system can be 
formulated from the futty-fanntiized resin. The tthopjaphlc. thermal, mechanical, and electrical properties 
of the porytmJde Ams have been characterized. This poryimide flm shows good thermal, mechanical, 
and electrical properties, and a 1:1 aspect ratio Is consistently achieved on 10 urn thick ffima. The 
thermal properties of the films were determined using TGA and TMA methods. The decomposition 
temperature was 52rC, the weight loss of the cured flm at 350*C In nitrogen was 0.04 %/hour and 
the thermal expansion coefficient was 37 ppnyC. The dielectric constant and dissipation factor of the 
Wm were 3.0 and 0.003 respectively at 4% humidity. The effects of hard-bake time, hard-bake 
temperature, nitrogen purge rate during heat treatment, and humidity on the thermal and electrical 
properties of the thin flm were also examined, and are presented here. The rate of weight loss of the 
cured film increases when the rate of nitrogen purge decreases or when the cure temperature increases. 
Longer heat treatments resulted In a slight decrease In the CTE and an Increase In the T r The electrical 
properties of the Urns are dependent both on the humidity during measurement and on the hard-bake 
temperature. 

INTRODUCTION 

Poryimldes possess Wgh thermal stability, good chemical resistance, low dielectric constants and 
excellent planartzatJon capablltles. The combination of these characteristics makes them useful for 
passivation, alpha particle barriers, stress buffers and Interlayer dielectrics In ICs as well as in multilayer 
thtrvflm high density Interconnect packages^]. 

In 1965, J. Pfeffer and O. Rohde of Oba-Gelgy reported the synthesis of a dass of solvent soluble 
poryimides which are based on a benzophenone tetracarboxytlc dianhydride (BTDA) and ortho-alkytated 
diamine polymer backbone, and are Inherently photosensftrve. They fulfill al the requirements of a . 
storage-stable, high purity, non-shrinking photobnageeble potytmlde system [2]. These materials are 
marketed under the trade-name of PROBIMIDE 400 formulations. 

The lithographic mechanical, thermal, and electrical properties of this poryirrode thin Hma have been 
reported[2-5] t and the impact of the processing and cure conditions on the mechanical properties have 
been examtned[5]. 

This report describes the impact of the processing and cure conditions on the thermal and electrical 
properties. 



EXPERIMENTAL 

The poryimWe used In this study was PROBIMIDE 414 (87-707). which is a solution of Probirnlde 400 
pofyimide in v-butyroiactone. The porytmtfe solution is commercially avalable from OCG Microelectronic 
Materials, and was used as received. 

Four inch silicon test wafers were coated wtth Probimide 414 by spin coating 3 mi poryimide solution 
at spin speed of 1 .9 Krpm on a MD MuttFab wafer track Una The coated wafers were then soft-baked 
(3 mm @ 110*C on hot plate and 30 min <§> 110*C In a convection oven under nitrogen), exposed 
(broad-band, 1200 mJ/cm 2 measured at 365 nm with an OAI Exposure Analyzer, Model 356.), developed 
and hard-baked for 2 hours at 350* C under nitrogen In a Heraeus hot plate oven. This gave a 10.5 jim 
thick flm after soft bake and 9.5 pm after hard-bake as measured by a Tencor Instruments Alpha-Step 
200 Thin Flm Measurement System. Poryimide films on wafers were diced into 1 /8 inch wide strips using 
a programmed dicing saw by Micro Automation, Inc.. Model 1006, and then removed from the wafers 
by treatment wtth buffered ammonium hydrogen fluoride solution at ambient temperature. Strips were 
rinsed with high- purity Dl water and air dried. 

The glass transition temperature (T^ and the coefficient of thermal expansion (CTE) of these hard- 
baked ffims were measured by a Peridn-Bmer TMA-7 Thermomechanical Analyzer with a 50 mi/mln flow 
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rate of nitrogen aa purge gas. Zinc strips ((^(literature) -35 PPM/*Q In width of 1/8 inch were used 
to check the overall calibration of the TMA (CTE(observ*d)«38 PPM/*Q. 

The onsets of the therrno4ecomposJt)on temperatures of the soft-baked, exposed, developed and 
hard-baked Problmlde 414 flms were determined using a PerktrvBmer TGA-7 Thern^ogravlmetric 
Analyzer with a heating rate of 10* C/mln and a nitrogen purge rate of 50 mJ/mkt The rate of weight loss 
ws also determined by TGA. Soft-baked, exposed and developed flms were heated at a rate of 36 
C/mln from 50* C to the hard-bake temperature (350* C or 400*C), and held at this temperature for 
14 hours, which Is slmtar to the heating cycle used for processing m a Heraeus hot-plate oven, and the 
rate of weight loss was obtained from the weight toss-time curve. The rate of nitrogen purge In these 
studies was 0-100 rri/mln. 

Thernial dffluslvtty, spec«c rx^at and trierrral conductMry of hard-baked ProblmJde 414 films were 
^eimlnad by Ft Gardner from SinkuJUko, Inc. The ac calorimeirlc method which uses a thermal 
dWusMty meter (Model was used to determine the above thermal properties. 

The dielectric constant and dissipation factor of the above hard-baked Problmlde 414 films were 
determined wfth a Hewlett Packard 4277A LCZ meter. Surface resistMty, vorume resistivity and 
breakdown voftage of Problmlde 400 flms were determined by A. Agarwal from SRI Irtf emattonal 



RESULT AND DISCUSSION 

IDC Effect Of Processing Parameter* nn th« Thermal PrtrarW 
1. Glass Transition Temneratiir* 

n J??J*£? 01 ^ B,h !lL DE 4 li were 8oft * bak8d ' flood «POsed. developed and then hard-baked from 
OS to 1 4 hours at 350 and 400*C under nitrogen atmosphere. The thin flms were removed from wS 

SnS » T^Z^^ the flms e ^ermlned by TMA. The results are 

* Figure 1. The Increase of ruird-bakettrw from 0.^ 14 hours resulted tn an Increase In the T The 

Increase in T, Is small at 350* C (e.g. 10*C), but much larger at 400?C^ r 



Figure 1.T a of hard-baked 
Problmlde 414 flms. 
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2. Coefficient of Thermal Prr*"^ 

FtaiSI ^l^^l^ ^ 3,80 ^ TMA. and the resutts are given In 

figure 2. As the hard-bake tkne Increases, a decrease In the CTE value was oh****** initi-rk, " 
«^ed . con** va* c 37 ppm/'C. The higher JT^?J^tSffi 
to be due to the presence of to*er molecular weight conponente in the fiim 
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Figure 2-CTEof hard-baked * 
ProbimJde 414 films " 59 




3. RptegtyVatght 

Thin ftms of Probimide 414 were soft-baked, e xp osed, developed and then peeled off from the 
wafers. The thermal stability of the films was analyzed by TGA. The procedures for the hard-bake process 
were used here. Sample flms were purged with nitrogen for thirty minutes at room temperature, heated 
up to the hard-bake temperature at a rate of 3.6*C/mln, and then held at the hard-bake temperature for 
14 hours under nitrogen atmosphere. The rate of weight loss was obtained from the slope of the weight- 
time curves. The results are shown in Rgure 3 and 4. The rate of weight loss was high In the first half 
hour due to the loss of the residual solvent, and reached a constant level after more than two hours at 
the hard-bake temperature. SimRar changes In the rate of weight toss were also found for higher hard- 
bake temperature. 
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Probimide 400 to a pre-lmldfced porytmide resin In y-burvrotactona This study shorn that It takes 
more then 0.6 hour at 360* C to remove al the residual low moieciiar weight components from the 
sample ffims. The presence of these vdatle components may contrtoute to the higher CTE and lower 
T for the porylmkle lima. 

When the flme were heated at the hard-bake temperature under various nitrogen purge rates, the 
rate of weight loss after two hours heat treatment were given In Figure 4. As the nitrogen purge rate 
decreases, there was an increase h the rate of weight loss observed, which reached a very high value 
under ambient conditions. Our earlier studies fcr> the mecranical properties of the hard-baked fims also 
showed slmBar sensitivity to the curing environment, where the rnechanicaJ properties were highly 
depended on the curing environment Improved mechanal properties were obtalried for films hard-baked 
at higher nitrogen purge rata 



Figure 4. Effect of nitrogen 

purge rate on the thermal ^ 

stablty of Probimide 414 j* 

flms & 
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Thin films of Probtrnide 414 were soft-baked, exposed, developed and then peeled off from the 
wafers. The thermal stabllry of the films was analyzed by TGA, and the results are shown In Figure 5. 
The polymer film also showed good thermal stability, and degradation occurs at 527*0. The thermal 
decomposition temperature also remained fairly constant for f flms which were hard-baked from 0.5 to 
14 hours at 350* C. 

560 - 



Figure 5. Therrrwgravimetnc £ 
Analysts of Probimide J 
414 Flms 
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s Thermal Olfru sMtv. Specific Heat and Thermal ConductMty 

The specflc heat, thermal dWusMty and thermal conductivity ol the hard-baked Problmide 414 films 
was reported to be 0.32 cal/g/*C, 0.0104 cnV/s and 41E-4 cai/cm/s/* C, these values are comparable 
to those of other poryimbes. 

6. Bftctrtel Properties; 

Thin films of PROBIMIDE 414 on high conduct Mty wafers were soft-baked, exposed, developed and 
then hard-baked at 350 and 400* C from 0.5 to 14 hours under nitrogen atmosphere. Aluminum dots 
were evaporated onto the hard-baked fflm through a shadow mask to form capacitors, and the electrical 
properties of these hard-baked films were analyzed at a humidity of 4% and 73%, and the results are 
given In Figure a For poryfmkJe films which were hard-baked at 350* C from 0.5 to 10 hours, the 
dielectric constant of these flms maintained constant at 3.0 under dry condition (% Humidity- 4), but 
Increased to a higher, constant value of 4.0 under wet condition (% Humidity -73%)* A* the measured 
dielectric constants fluctuated less than 1 % over test frenquencies from 1 0 kHz to 1 MHz. The dissipation 
factor Is relatively constant between 0.003 to 0.006 under dry conditions, and reaches a higher values 
between 0.01 1 to 0.013 under wet conditions. 
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Figure a Electrical properties 3 
of Problmide 414 films. | 
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Surface and volume resistivity of ProWmlde 408 fflms (film thickness* 1.90pm) were reported to be 
1 -2E + 160 and 8.6E ♦ 1 60-cm The dielectric strength of Problmide 408 fikns and Problmide 41 2 films (fRm 
thickness - 9.25pm) were found to be 3.34E+6 and 2.53E+ 6 volts/cm, The electrical properties of these 
Problmide films are comparable to those of other porytmides. 



CONCLUSION 



Problmide 400 materials are a class of solvent soluble potylmWes which are based on a benzop- 
nenone tetracarboxytic dlanhydride (BTDA) and ortho-aJkytaied diamine polymer backbone, and are 
inherently photosensitive. 

The Hmographte and mechanical properties of this poiyimide have been reported earlier. Patterns with 
a 1:1 aspect ratio can be obtained from this photosensitive poiyimide with vertical developed profiles. 
The cured film possesses very good mechanical properties. The mechanical properties of the poiyimide 
films does not depend on the level of exposure energy (from 0 to 2 J/cm«). Excellent retention of the 
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mechanical property was obtained for thk) fims whk^ were handed rt 350 # C at a nitrogen pur^ 
rate of 15 SCFR However, reduced mechanical properties were obtained for time which were hard- 
baked wider low flow rates a! either ambient or reduced pressure. 

Unlike conventional pofyamlc acid coatings, the solvent content m the sample films was 
approximately 6-6% after the soft-bake process, which reduces to 1-2% at even higher soft-bake 
temperatures (ag, 170*C). The solvent content In the flm Increases to 15-20% during the development 
process. There Is much less change m both flm thickness and feature dimensions after hard-bake 
compared to potyamic adds, and a vertical enveloped profie resutts. 

ThemiBl properties of the cured ProbUii^ 
the hard-bake time Increases, an inc»eaae In the glass transWon temped 

In Tg was small at 350*C hard-bake temperature, and was higher at 400* C hard-bake temperature. The 
CTE of the hard-bake flm* reaches to a constant value d 37 Domical a haro^bake time of more than 
four hours; flms haid-baked at a shorter times showed sllgWy higher valu» 
decoiT>posltlonlemf>er^ potyimkie 
resin In y-butyrotactone, where most of the solvent (e.g. >96%) Is removed from the polytmide fUm 
during the soft-bake process. It takes heat treatment at 350* C for more than two hours to remove the 
residual low residue vdatte components from the polyimlde flm. The presence of these votatse 
components In the flm wii result lower T^ higher rate of weight loss and higher CTE. 

For films which were hard-baked at 350* C, the rate of weight loss under isothermal heat treatment 
at 350*C was low (e.g. 0.04 ppm/*C) under high nitrogen purge conditions. However, the rate of weight 
loss Increases sharply under ambient air. The loss of thermal stablity is believed to be due to thermal 
oxidative degradation of the films. 

Excellent retention of the electrical properties Is obtained for thin films which are hard-baked at 
350* C at a nitrogen purge rate of 15 SCFR The hard-baked films possess a low dielectric constant of 
3.0 In a dry envkonment, however, the dielectric constant Increases to 4.0 as the relative humidity 
Increases to 73%. 

These results show trial this material has excellent mechanical, thermal and electrical properties for 
use In multi-chip modules. 
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